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DETERMINATION COMBINATORY EFFECT OF INDOLE 3 CARBINOL 
AND N-METHOXY INDOLE 3 CARBINOL ON CELL PROLIFERATION IN 
HCT 116 CELL LINE 
Relationship between cancer and environmental factors were discussed in 
recent studies. Based on epidemioloically and experimental studies in experimental 
animals it is clear that diet components may play an important role in cancer prevention. 
It‟s reason cell cycle is related with not only internal signals but also external signals 
which include dietary compounds„ deriatives. The cruciferous plant family is playing an 
outstanding role in cancer prevention and has being investigated in a lot of studies from 
past to present. Cruciferous vegetables contain phytochemicals. They have some 
potential affect on cell cycle. This family has various indoles including indole-3-
ylcarbinol (I3C) and N-methoxyindole3-ylcarbinol (NI3C) .  
Up to now the biological activities of these indoles have been estimated only 
when exposed to the single indole, whereas we here analyse the combinatory effect of 
I3C and NI3C together inhibiting the cell proliferation of HCT 116 colon epithelial cancer 
cell line. So aim of this study is to estimate the inhibitory effect of indole-3-ylcarbinol or 
N-methoxyindole-3-ylcarbinol on cell proliferation and to  evaluate the combinatory 
effect when exposing the I3C and NI3C together in HCT 116 cell line . Limits of project 
are stated like determining these compounds impact on cell proliferation in vitro with 
HCT 116 cell line. 
  The cells were tested for 1,9 – 500 µM I3C and 5-100 µM NI3C alone and in 
combination for 24, 48 and 72 hours. Although decreasing cell number is observed in 
single treatment  of NI3C  on  time and dose-dependent affect, I3C single treatment  did 
not show any meaningful response and IC50 values  for I3C was determined  at highest 
concentrations like 500 µM after 24 hours treatment. Concentraton of I3C was selected 
415 µM for IC50 after reviewed all time point results and for NI3C is determined 70 µM. 
When two compounds were combined, more cells were influenced with combinatory 
affect than single usage. However  When  the compunds ratios is 1:2, no sensible  
response  could be get, on the other side  results were sensible in 1:1 ratio . 72 hours 
results in co-treatment effected highest cell viability so this shows that there is existence 
of combinatory affect dependent to time for these compounds. 
In conclusion, a combinatory effect of I3C and NI3C on cell proliferation was 
observed, which may explain the effect cancer preventive effect of cruciferous 
vegetables, where I3C and NI3C is found in combination.  
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INTRODUCTION 
Cancer is a disase which cells gain abnormal growth features as physiologically 
or morphologically by some genetics or environmental factors, have  ability of making 
groups in tissues and  threat  the tissue‟s function and sometimes spread of another 
part in organism.  
When normal cells start to divide uncontrollably and lost their control activity 
during the proliferation and if the control mechanisms like immun system etc. do not 
have functions by some reasons, this disease appears. So Every abnormal cells do not 
convert tumor tissue, cancer development is complicated process by the time . 
Cancer insidance: 
 
  Incidance of cancer is stil high especially in developmented countries. Since last 
few decades recently studies shows that cancer became most minatory disesase for 
human health on the second line on the list after heart attack. And since the cancer 
have showed up major public health problem in the world. (Association for Cancer 
Research Society) .Just for one year it is predicted that more than ten million people will 
be diagnosed cancer.(Anand et al., 2008). Many investigations have started to make it 
clear.  
Colon cancer: 
 Amoung various of cancer types, this study focused on only one type called colon 
cancer. More than one million new case for this cancer type emerge for each year in the 
world. (Tenesa A. et al., 2009). Prevelance of colon cancer amoung men is fourth most 
common and for women this rate is reported in third line (Parkin DM et al 2002 ).Its 
mortality is in fourth line among all cancer various. (Liu Y. et al., 2011) this is a kind of 
cancer which develops from tissues of the longest part of the large intestine. The colon 
has large number of glands and because of that the majority of colon cancers  is an 
adenocarcinoma. 
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Figure 1: Image of HCT116 epithelial colon cancer cells under light microscope. (ATCC) 
 
Cell cycle regulation and cancer cell characteristics: 
Cell cycle is a serie of events from one division to another. It occurs interphase 
which is preparation for division and mytosis phase which is divison step. However, in 
some cases, cells stop to proliferate and go quiescent state. 
There are some checkpoints in cell cycle for controlling the cell division by 
different factors.  
 
 Tumor cells loss their control of cell cycle regulation.  
 
Figure2:  Shows cell cycle which  
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 Cancer cells share some features. They loss controls of checkpoints in cell cycle 
by external and internal signals .(Hejmadi M. Publication ontroduction to cancer biology 
book )  
External signals influence on cell cycle phase in eukaryotic cells as differently 
from procaryotic cells. This means eukaryotic cells need to not only internal signals like 
sended ones from nucleus but also external signals from other cells or envorimental 
compounds to divide as a part of community. These external growth promoting signals 
are binding to their receptors.  These signals as growth factors trigger the expression of 
genes that are referred to as early and delayed-response genes. So external signals 
can stimulate cell growth or make cells be in quisecent state. Thus, cancer cells are not 
dependent to external signals as other normal cells.so they do not perceive the 
necessity to stop when external signals is come to mean that cells should not divide and 
they ignores also inhibitors of cell cycle regulators.In some conditions  they produce 
own signals for growth. (King WM. publication.  medical biochemistry book et al1996-
2011) (Heuvel S.publication. harward medical school book overview ) 
 
  These features includes avoiding from apoptosis which means cell cycle arrest 
for reparing damage or death of cells controllbaly when cells have defect which can not 
be repaired like DNA damage (Bacac et al., 2007). It is one of the major anti 
cancereffects leading to inhibition of tumor growth .(Skomer J. et al., 2010 ) 
With the reason of dividing more they need more energy than other cells and 
they have ability of making their own blood vessells which is called angiogenesis. A 
angiogenesis is a highly regulated conduct  dependent on the actions of countlesse 
proteases, growth factors and signalling cascades in order for angiogenesis to move on, 
the original vascular structure must bebroken down and re-formed again . Angiogenic 
factors like  VEGF (vascular endothelial growth factor whichis  up-regulated  in  most 
human cancers  or EGF (epidermal growth factor)  stimulates in hypoxia and these 
factors divide and migrate into the tumour mass.(Ferrara et al., 1999 , Willis et al., 2011) 
By this way they can spread throught to body, and and this phenomena is called 
metastasis which cause mainly death of patients so this provides to malignancy.  
establish new colonies far away from the primary tumour originates this phenomena is 
called metastasis which cause mainly death of patients so this provides to malignancy. 
The ability to metastasis is speciality of malignant tumours and it is the main reason of 
deathin the mids of other cancer patients.  
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The relation between different life styles and cancer: 
  Some cancer types comes by heredity in adition to this it has been also known 
that lots of cancer  types induced by enviromental factors.  
 
 
Table 1: Known or suspected causes of human cancers 
 
In some studies, it is provided evidence that cancer is a preventable disease that 
requires major lifestyle.(Anand et al., 2008).Several risk factors  have determined for 
cancer disase.For colerecactal cancer ,it can be said even if a person with colorectal 
cancer has a risk factor, it is often very hard to know how much that risk factor may 
have contributed to the cancer. However, there is some factors shows that being at risk 
as aging, family history, personal history like smoking, uptake of fruit & vegetables, 
racial and ethnic background.(American Cancer Society) 
There are significant difference in cancer incidence and mortality between communities 
which have different lifestyle and different enviromental factors ( Sarkar et al., 2004 ) .  
 It has been demostrated cancer can be prevented via changeble way of living 
like  dietary modification like types of vegetables or sources of chemicals comes from 
different vegetable families. These dietary compuonds‟  variety affects were observed 
on cancer cells.  ( Surh et al., 2003 ) . 
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 The relation of between cancer and diet is linked to 30-35 % cancer death in 
USA. It is stated that diet is 70% is linked to colerectal cancer.(American Cancer 
Society) 
Cruciferaous vegatables: 
 When it is considered that the relation between diet and cancer, it is appeared as 
an interest subject about affect of uptake of fruit &  vegetable in cancer and in addition 
to this, impact on cell proliferation for in vitro studies. 
  Clinical researches exhibits diverse phytochemicals posses cancer preventive 
activity and about food which based in 35 plants including garlic, oninon, tomatoes, 
crucifeorus vegetables, tea, soybean, turmeric have chemopreventive properties. ( Surh 
et al., 2003 )   
 The International Agency for Research on Cancer, consumption of cruciferous 
vegetables are related to a meaningful risk reducer for cancers at some times although 
the reductions are known greater than those observed with total vegetable uptake ( 
IARC Press, 2004 ) 
 This family is called cruciferae, another name for this family is Brassicaceae, and 
it is commonly known as the mustard or cabbage family. Cruciferae family are herbs or 
small shrubs. Their stems contain alternating leaves that grow radially around the stalk. 
These leaves are usually simple but can have segments and their names comes from 
their shape and position of leaves. 
Effect of cruciferous vegetables on cancer: 
There is a junction between cruciferous intake and cancer risk. As it is knowm 
cruciferous vegetables have chemopreventive effcet. These chemopreventive affects 
can ce classifien into two major categories. 1-) blocking agents or anti initiators 2-) 
supressing antipromational agents. Some of the blocking agents in food include indoles 
,isothiocyanathes and dithioletiones in crucifeorus vegetables.Terpenes from citrus 
fruits organosulfurs from garlic,epigallocathesin from gren tea and protease inhibitors 
from beans .(Murillo et al., 1995) 
Isothiocyanates are sulfur‐containing compound which released from thioglosides 
in vegetables and they are responsible from vegetables odor and flavor. They are 
degradation products of glucosinolates  and ocur naturally in cruciferous vegetables ( 
Murillo et al., 2009 ).There are more than 20 synthetic isotiocyanates have been studied 
for their asbility of preventing carcinogenesis (Hetchss et al., 1995) Epidemiological 
studies on the relationship between cancer risk with isothiocyanate intake  has shown 
opposite  associations, mainly with lung cancer ( Bianchini et al 2004., ). Dithioletines  
are class of organosulfur  and it is also resposible for detoxification of carcinogenesit  
inhibit the toxicity in  many chemical carcinogens in multiple target organs (Rao C. V. et 
al., 1993)Terpenes are  onnutritive dietary supplementaries   found in the essential oils 
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of citrus fruits and other plants. ( L.Crowel et al., 1999 ) A number of these dietary 
monoterpenes have activity to prevent tumor .Not only preveting the cancer activity but 
also inhiting existing  malignant tumors .(NTP et al., 1990 )And terpenes have ability to 
inhit  dvelopment of rodent mammary (Elson et al., 1988 )skin (Elegbe et al., 1986)lung 
and forestomach (Wattenbeg et al.,1989 and 1991) and liver cancer (Diberg et al.,1991) 
Organosulfurs which  are from Allium vegetables like onion or garlic and they protect 
against stomach, colorectal and breast cancer (F. Bianchi et al., 2001) Protease 
inhibitors are called anticarcinogenic protease inhibitors. They have  ability to prevent 
carcinogenesis in a wide variety of in vivo and in vitro model systems.   And they are 
rreversibly suppress the carcinogenic process and they do not have to be continuously 
present to suppress carcinogenesis. They can be effective when applied in both in vivo 
and in vitro carcinogenesis assay systems at long time periods after carcinogen 
exposure ( Kenedy R. et al., 1998 )  
And aslo benefits of cruciferous vegetables in fighting colon cancer have been 
summarized in a recent metaanalysis. 20 epidemiological experiments in the literature 
in which the effects of cruciferous vegetable dietary and risk of colorectal cancer. And 
studies cocluded that each 10 gr cruciferous vegetable depletion per day  could 
decrease  8% of colorectal cancer risk .(Kohlmeier  L. et al., 1997 ) 
Glucosinolates 
The glucosinolates are a class of organic compounds that contain sulfur and 
nitrogen  and are derived from glucose  and an amino acid. (E. Rodan et al., 1996)  
Glucosinolates and  their breakdown products have been known for their fungicidal, 
bacteriocidal, nematocidal and allelopathic properties and have recently attracted 
intense research interest because of their  ability  on cancer chemoprotectiving These 
organic compuond are found in many vegetable families like Cruciferae(brassica).  in 
addition to the Brassica vegetables, these glucosinolates also  found in several  
species  which are  could provide substantial quantities of glucosinolates for isolation, 
for biological evaluation, and potential application as chemoprotective or other dietary or 
pharmacological agents. ( Fahey W. et al., 2001) 
Indole-3 carbinol in acidic milieu like in stomach can convert variaty of it‟s other 
methabolic forms which are transformers of I3C and each of these major metabolites 
exhibits pharmocological activities. DIM: 3-3‟-diindolymethane ,ICZ : 
Andolo[3,2b]carbozole,Ltr₁: Alineartrimer,Ctr : Acyclic tetramer (Weng et al., 2008). 
 DIM: Apoptosis  induction and cell cycle arrest, ınhıbıts  angiogenesis Adrogen 
receptor down-regulation, Activates of aryl hydrocarbon receptor which is 
chemical/ligand dependent intracellular receptor , can stimulate gene transcription 
response to xenobiotics( Dension et al., 2003 )and activates (consequently) gene 
expression of phase I and II enzymes  which are responsible for activating carcinogenes 
to their ultimate reactive forms anf Phase II enzymes also responible 
onchemoprotecting (Talalay et al., 1989) and Inhibition of ER alpha-dependent gene 
12 
 
expression .ER alpha is an estrojen receptor and it is a member of nuclear receptor 
famıly.It plays crucial role in sexual developing and it  activates by sexual hormones 
(ogava S. Et al., 1998 )And tehere are two kind of effect on ER alpha mechanism  by 
I3C and DIM first these compound can inhibit it‟s activity( Jin L. et al., 1999 ) and 
second ER alphna expression can be supressed by These compounds (T.T. Wang et 
al., 2006) 
ICZ: Activates AhR and activates (consequently) gene expression of phase I and 
II enzymes . 
     LTr  1 :  An antagonist of estrogen  receptor   a weak agonist of AhR . 
     CTR : A potent agonist of ER alpha . 
 Ctet  : Cell cyle arrest. 
 
 
 
 
Figure 3: Formation of I3C from glucobrassicin.  ( Mechkour et al., 2010 ) 
 
13 
 
I3C in different cruciferous vegetables 
Phytochemical investigations which have done on this family shows that they  
include rich glucosinolate and indole carbinol 3 compuonds . Indole 3 carbinol and it‟s 
derivative compounds have ability to inhibit proliferation on some cancer types which 
are like breast,colon , prostate and endometrium ( Weng  et al., 2008, Zheng et al., 
2002, Frydoonfar et al., 2002 ). Phytochemical  indole-3-carbinol is found in cruciferous 
vegetables such as cabbage, cauliflower, broccoli, kale and brussels sprouts . 
 
Figure 2: Indole -3-carbinol compound derived from cruciferous’  family vegetables  
(Aggarwal et al., 1993 ) 
 
I3C biological effects and impact  on cell proliferation 
I3C is specific for cruciferae family and it is m ade from ındole-3-glucosinolate 
(glucobrassicin) by  the  enzyme myrosinase (a member of enzyme family involved in 
plant defense against herbivores. 
Indole-3-carbinol works as a strong antioxidant, thereby protecting the DNA and 
other cell structures.It supresses the proliferation of various cancer cell lines including 
those of breast,colon ,prostate,and endometrium by targeting a wide spectrum of 
signaling pathways governing hormonal homeostasis  and  inhibites spontaneous or 
chemical-induced tumorgenesis in mamary gland, liver,cervix and gastrointestinal tract 
in different animal model studies . It is reported that I3C  inhibits the migration and 
invasion of the breast cancer cells and reverses the multiple drug resistant phenotype  
of human leukemia cells and murine melanoma cells(Weng et al., 2008) 
 I3C Studies shown that I3C treatment can arrest the PC-3 prostate cancer cells 
in G1/G2 phase. They analyzed that p21 and p27 and their inhibitory association with 
cyclin D1 and cyclin E are upregulated with using I3C. Also down-regulation of CDK6 
protein kinase levels and activity and Rb phosphorylation is associated with them. 
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(Chinni et al., 2001) Besides them amount of active p53 and its binding the p21 
promoter is increased by I3C treatment. And when p53 amount was redused using 
small interfering RNA, it is prevented that the cell cycle arrest in G1/G0 phase.  Also I3C 
induce to upregulates p21 when inducing G1/G0 cell cycle arrest in HCT 116 colon 
cancer cells.(Neave et al., 2005) 
 Further I3C  induce apoptosis with upregulation or inhibition of some proteins 
which proteins are associated with p53 in PC-3 prostate cancer cells along with G1/G0 
cell cycle arrest (Chinni et al., 2001). Also Akt signaling is ver important pathway in 
apoptosis. It has been estimated that I3C is inhibited  Akt kinase activity in MCF10CA1a 
cancer cells (Rahman et al. 2004) It was tested I3C and DIM on the proliferation of DU 
prostate cancer cells.( Garikapaty et al., 2006) And it was found that DIM downregulate 
the quantity of activated Akt. So, it cause inhibited the PI3K-Akt pathway . But I3C did 
not show this effect. According to this study DIM is more effective than I3C in inhibition 
of proliferation. 
 
Figure 6. Akt, NF-κB, and MAPK signaling pathways and effect of I3C on the pathways 
(Sarkar et al., 2004) 
Akt, also known as protein kinase B (PKB), which is a serine/threonine protein 
kinase ,has got important roles in cell signaling like cell survival,cell cycle regulation, 
apoptosis, angiogenesis and tumor development, metabolism  and also known 
changing this pathway can lead to cellular transformation (Castenada et al., 2010) it has 
reported that I3C has the ability of making PI3K which takes part in PI3K/ Akt/mTOR 
complex that is important in apoptosis as mentioned above (Sarkar et el., 2004) 
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 In some investigations as   Indole 3 carbinol‟s effect is  detected  on induction of 
apoptosis by  P53 which is known as a  tumor supressor gene that  controls this event .  
(Nachshon-Kedmi et al., 2003 ) .  
 I3C is a negative regulator of ER alpha signaling in human tumor cells it and its 
metabolites effect ER signaling in two different ways like;I3C and DIM could bind to and 
inhibit the activity of ER  and I3C and DIM could supress ER alpha expression in breast 
cancer cells. I3C and DıM induced endoslapmic reticulum stess via unfolded protein 
response pathways. DIM ınduce E.R . Stress and up regulation of the expression of the 
tumor supressor genes BRCA1 and BRCA2 in prostastate and breast cancer.  
 In animal studies, it was shown I3C have activity against endometrial tumors 
(Kojima et al.,1994), against breast tumor formation (Bradlow et al., 1991) (Grubbs et al 
1995), and most recently against prostate cancer growth (Souli et al., 2008). In cell 
culture studies and in human (Kojima et al., 1994), and most recently against prostate 
cancer growth (Souli et al., 2008).  
Indole 3 carbinol  induce apoptosis via NF-κB which is called  nuclear factor 
kappa B and is key protein in cell growth,apoptosis and changes gene expression so it 
prevent cells to go apoptosis and when  the control is loss fort his protein complex by 
the inhitor which is called  IkB  of it  ,the regulation  is broke down for cell‟s division  so 
cells have tendeny to transformate to tumor cells with other alterations. 
 Besides the affect of cell cycle and apoptosis I3C could be associated with other 
mechanism. I3C can effect cell adhesion, spreading and invasion releated with 
upregulating of a tumor suppressor genethat is PTEN and expessing a regulator of cell-
cell adhesion which is called E-cadherin in T47-D human breast cancer cells.(Meng et 
al., 2000), it suppress tumor induced angiogenesis and tube formation of endothelial cell 
and  also induced apopthosis in endothelial cells assosiate with activating caspase 
cascade.(Kunimasa et al.,2008) 
 Antitumor effect of I3C is attributate to its ability to target a plethora of signaling 
pathways like; 
 Inducing apoptosis: In tumour cells Inactivation of Akt and its downstream 
effector, nuclear transcription factor of NF-kB play a main role şn the 
proapoptotic action. 
 Cell-cyle arrest: Indole 3 carbinol has an affect on cell cycle Upregulation 
of CDK inhibitors and Down reguation of CYClins like Cyclin E and CDKs 
 DNA repair   
 Angiogenesis: Decreases Vascular endothelial growth factor (VEGF) 
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 Multiple –drug development: In leukemia an murine melanoma cells 
downregulate the expresion of gene products. 
  General membrane/antioxidant effects: Faciliate the metabolism of 
genotoxic agent either environmental endangerous underlies ıt‟s effect on 
cancer prevention. (Weng et al., 2008, Aggarwal et al., 2005 )  
On the other side, it has been determined  that  some I3C treated cells , has 
tendency to carciogenesis in some  animal studies. (Kim et al., 1997) so this shows 
there is stil risk for using as cancer therapy it have to be improved by new animal 
studies. 
 N-methoxyindole 3 carbinol can not be exist spontaneously in the nature  it can 
be acquired only  in laboratory circumstances synthetically.  And there is a difference 
between I3C and NI3C „s chemical featrures. As it is clear from it‟s name NI3C includes 
some more chemicals like methoxy in carbon chain. 
, 
Figure 5: Presentations of  Indole 3 carbinol and N methoxyindole 3 carbinol. 
 Previous studies have proved not only indole 3 carbinol but also N-methoxy 
indole 3 carbinol have an effect on cell proliferation but the difference between in this 
two compouns is NI3C is more potent than I3C. IC50 values  for NI3C is  20 µM and For 
I3C is 200 µM . 
 Cells were arrested in G2/M phase by NI3C in contrast to the I3Cwhich arrested 
cells in  G0/ G1 phase. NI3  have effective power on increased transcription of Cyclin E1  
asyncronously on HCT 116 colon epithelial cancer cell lines ( Neave et al., 2004 ) 
  Recently studies has shown that NI3C has more effective than I3C on cell 
proliferation inhibition furthermore  this affect is seven to ten time  stronger than the 
other one . Since it has been known that NI3C makes cells arrest in G2/M phase.  
(Neave et al., 2004 ) 
  
Indole-3-carbinol works as a strong antioxidant, thereby protecting the DNA and 
other cell structures.It supresses the proliferation of various cancer cell lines including 
those of breast,colon ,prostate,and endometrium by targeting a wide spectrum of 
signaling pathways governing hormonal homeostasis  and  inhibites spontaneous or 
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chemical-induced tumorgenesis in mamary gland, liver,cervix and gastrointestinal tract 
in different animal model studies . It is reported that I3C  inhibits the migration and 
invasion of the breast cancer cells and reverses the multiple drug resistant phenotype  
of human leukemia cells and murine melanoma cells ndole-3 carbinol in acidic milieu  
like in stomach can convert variaty of it‟s other methabolic forms  which are 
transformers of I3C and each of these major metabolites exhibits pharmocological 
activities. DIM: 3-3‟-diindolymethane, ICZ: Andolo[3,2b]carbozole, Ltr₁: Alineartrimer, 
Ctr: Acyclic tetramer 
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MATERIALS & METHODS 
Material: 
HCT116 : 
Human colon epithelial cancer cell line was obtained from American Type Culture 
Collection (ATCC, www.lgcstandards-atcc.org). 
Other Materials: 
Solutions and chemicals: McCoy‟s 5A medium with L-Glutamine(Lonza,Belgium), 
Phosphate-Buffered Saline without Ca2+and Mg2+ (PBS) (Lonza,Belgium), , fetal calf 
serum (FCS) (Biochrom AG, Germany), trypsin (Sigma Chemical Co, USA),EDTA 
solution(Lonza,Belgium), gentamicin 50 mg/ml (Lonza,Belgium), dimethyl sulphoxide 
(DMSO) (Sigma-Aldrich,USA) , Neutral Red  (Sigma Chemical Co, USA) and indol-3-
carbinol (I3C) (Sigma-Aldrich,USA), N-methoxyindole-3-ylcarbinol Accel Pharmtech LLC 
,Biological equipment: Culture flasks (EasyFlask™ Nunclon™,75 filt, Nunc,Denmark), 
96-well plates (black,Nunc 96F MicroWellTM Plates, Nunc, Denmark) Technical 
equipment: Coulter counter (Coulter® Particle Counter & Size Analyzer Z2, Beckmann-
Coulter Inc) used with Multisizer AccuComp 3.01 operating software, ELISA reader 
(BioTek® Synergy HT, Bio-tek Instruments Inc) used with  BioTek® KC4™ 3.4 
operating software, light microscope(Leica Dmil Led). 
Methods: 
The effect of I3C, NI3C and their combination on cell proliferation of  HCT 116 
human colon epithelial cancer cells were investigated dose- and time-dependently in 
this experiment . 
Cells were handled and keept und sterile conditions. 
Subculture; is a new cell or mıcrobiological culture made by tranferring  some or 
all cells from previous  culture to the fresh growth medium. In thıs experiment  HCT-116 
colon cancer cells were subcultivated. Cells are needed to be cultivated at least twice a 
week  because when cells stayed for a long time in ıncubator  after cultivation  they can 
stop groving and this phenomenon is known as  contact inhibition ( because of the 
portein which  is called contact inhibin) and also every  time after subcultivation , 
growing media should be added more if the cells  wanted to multiplied  because more 
media gives better conditions cells to grow . 
The growing culture flask were washed with PBS w/o Ca and Mg, and suitable 
amount of trypsin-EDTA (0.05 %) was added (1 ml / 75 cm2 flask). Cells were incubated 
for up to 10 min, and resuspended in growing medium (Mc Coy‟s 5A,  10 % FBS,   0.1 
%  Gentamicin). Normally the cell number was diluted 10 -20x for 3-4 days of growing. 
in an incubator at 37 ˚C and 95 % humidity.   
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Coulter Counter Assay: 
Principle of coulter conting: 
Beckman Coulter Counter Z 2  was used fort his part. A small amount of 
resuspension of cells were added to 10 ml  0.9 M NaCl solution (  and the cell number 
estimated in the range of 9 -30 µm.  
Exposure to indoles: 
8000 cells/ well were seeded in 96 well black dıshes (100 µl cellsuspension) with 
the outher rows and colums filled with medium without cells to avoid the effects of 
evapuration. Cells were left for attachment at over night in incubator before treatment. 
Next day increasing concentrations of I3C and NI3C is added. A two-fold 
dilutions rangeing from 500 to 1.9 M of I3C was added, whetheras NI3C was tested 
using the range of 100 – 3.25 M and DMSO was added as control. 
To test the combined effect of I3C and NI3C the experiments were performed as 
described above, but also treatments including both compounds were included 
using the 1:1  & 1:2  &  2:1 ratios of I3C and NI3C as previous described for 
Combination Index Analysis.( Kronbak et al., 2010) Results were analysed by using  
calculation of average of  cells number for each concentration for I3C and NI3C. 
Than the percentage of cell number was found with comparing Control. In next  
step  Excel graph was made. And it was determined which concentration makes 
cells survive % 80-65-50-35 later  the concentrations are selected as stated below. 
Thus, treatment concentrations are determined after reviewing result data and 
averaging values  as 235 µl for 80% percentage of cells and 350 µl for 65% , 415 µl 
for 50% and 460 for 35 % for indole 3 carbinol. for NI3C as 45 µl for 80% 
percentage of cells and 55 µl for 65% , 70 µl for 50% and 90 for 35 %.  
Than it was calculated triple concentrations because NR assay was used,  
where 50 ml of 3 fold concentrated compound solution were added to existing 100 
ml medium at time 0. For each time point graphics were made like first one NI3C 
and for second one I3C stable so on in each figure the values of the increasing I3C 
and NI3C can be visible. For First figure when NI3C was stable I3C increased.  
Medium with DMSO is added without any compound for control group. Medium 
with determined concentration compound. as increasing concentrations for I3C group 
medium with determined concentration compound as increasing concentration for I3C 
group.  
Affected fraction is determined as opposite of alive cells‟ percentage ,so this tries 
to show dead cellsby influenced by compounds effect. 
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S1 group 1:1 ratio was determined for I3C and NI3C as increasing 
concentrations. S2 1:2 ratio was determined for NI3C and I3C as increasing 
concentrations S3 2:1 ratio was also determined for NI3C and I3C as increasing 
concentrations. 
After incubation for 24, 48 or 72 hours the neutral read assay was performed , as 
described below.  
Neutral Red Assay: 
Neutral Red is a eurhodin dye for staining living cell by targeting the lysosomes. 
Because only living cell take the neutral red inside. And this assay was used for 
determined the living cells after our treatments. In this study the level of the Neutral Red 
determined by flourescent measurement. 
 
 
 
Figure 7: Toluylene red (C15H17ClN4) 
A Neutral Red Stock Solution was prepared (1 mg/ml Neutral Red in MiliQ water). 
After filtration (pore size 0,20), the solution was kept at 4 ˚C for xx(time). Neutral Red 
Working Solution was prepared freshly for every working day (50 µg/ml solution was 
diluted in growing media). 
 After the relevant incubation, cells were washed two times with 100 µl PBS, the  
NR working solution was added, andthe plates was incubated for 3 hours at 37˚C, 95% 
humidity, 5% CO2. Thereafter, the was removed and the cells washed two times with 
PBS. Subsequently, 100 µl 96 % ethanol was added and the plates were sealed with 
parafilm and shaked gently for 20 minutes at rocking tables at the room temperature. 
The reading of the flourescent intencity  was performed on ELISA plate reader 
(BioTek® Synergy HT, Bio-tek Instruments Inc) used with  BioTek® KC4™ 3.4 
operating software.  (Ex 530 nm / band with 25, Em 590 nm/ band with 35, sensitivity 
35) reading from the top. 
Table 2: Concentrations used for testing the combinatory effect of  I3C and NI3C on cell 
proliferation. 
 1:1 1:2 2:1 
 I3C NI3C I3C NI3C I3C NI3C 
%80 235 μM   45 μM   235 μM   90μM   470μM   45 μM   
%65 350 μM   55 μM   350 μM   110μM   700 μM   55 μM   
%50 415 μM   70 μM   415 μM   140μM   830 μM   70 μM   
%35 460 μM   90 μM   460 μM   180μM    920 μM   90 μM   
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RESULTS 
I3C INHIBITS CELL PROLIFERATION  
The aim of the project is to investigate the combinatory effect of I3C and NI3C on 
cell proliferation, but firstly the effects of I3C or NI3C alone on HCT 116 colon cancer 
cell proliferation were determined. The number of cells was determined and 8000cells 
were seeded to each well, and thereafter exposed to I3C in increasing concentrations 
(1.9-500 µM), and neutral red assay was done after 24, 48 and 72 hours of treatment. 
The outcomes from these experiments showed the dose dependent effect of the two 
indoles after different length of incubation.  
 
 
 
 
 
HCT-116 cells exposed to I3C for 24 hour did only show a weak reduction in cell 
number, and only when exposed to 500 µM I3C (Figure 1). After 48 hour exposure to 
500 µM I3C the cell number was reduced to 75% relative to the control whereas no 
reduction was observed at lower concentrations (1.9–250 µM ).  
 Inhibitory effects of I3C achieved for the highest concentration (500 µM) after 72 
hour, so on it can be said that the extend time of treatment with I3C has a stronger 
effect. Furthermore, it can be added 72 hour value was almost half of the 24 hours‟ 
results. Reasons for this result will be discussed on discussion section.  
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Figure 8 :  Dose- and time-dependent effect of I3C on cell proliferation of HCT 116 cells 
The number of cells after exposure to increasing amount of I3C (1.9 – 500 µM) for 24, 48 or 72 hour 
was estimated by using neutral read assay as described in Materials and Methods. The values were  
transformed to relative cell numbers adjusting cells received 0.1 % DMSO only as 100%. The numbers are 
mean of three separate experiments +/- STD 
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NI3C INHIBITS CELL PROLIFERATION 
The effect of increasing concentrations of NI3C is shown on figure 9, 100 µM 
NI3C reduce the cell number to 50% after 24 hour. Extending the incubation time to 48 
h, a more potent effect of NI3C was observed, giving 38% survival relative to the control 
at 0 µM NI3C, and the IC50 value was 80 µM. The inhibitory affect of NI3C was even 
more pronounced after 72 of exposure, and the IC50 value was here close to 50 µM. 
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Figure 9: Dose- and time-dependent effect of NI3C on cell proliferation of HCT 116 cells 
The number of cells after exposure to increasing amount of NI3C ( 3,125-100 µM ) for 24, 48 or 72 hour was estimated by 
using neutral read assay as described in Materials and Methods. The values are transformed to relative cell numbers 
adjusting cells received 0.1 % DMSO only as 100%. The numbers are mean of three separate experiments +/- STD 
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COMBINATORIAL TREATMENT OF I3C AND NI3C 
The combined effect of I3C and NI3C on cell proliferation was tested using the 
concentrations of NI3C corresponding to 80, 65, 50, and 35 % survival when exposed to 
the NI3C alone (Kronbak et al., 2010), based on the values found in the  experiments 
mentioned above with single treatment I3C and NI3C. 
The combined effect of the two indoles when present in the 1:1 ratio is shown more 
effective than NI3C alone after 24 hour (figure 10A). On the other hand, including more 
I3C so the ratio of NI3C:I3C is 1:2 the inhibitory response is lower relative to NI3C 
single treatment. (Figure 10 A) 
A very weak effect of I3C alone was observed after 24 h, and small additional 
effects was observed when NI3C was added together with I3C at  1:1 and 1:2 
ratios. Affected fraction is similar and I3C is lower than the others and it can be 
concluded that combinatory affect works (figure 10 B).                         
 The effects after 48 hour of incubatiuon is not reliable (Figure 10C and 10D) 
as no effects were observed even by NI3C single treatment.When cells were 
treated with I3C and NI3C in the ratio of 1:1, the highest affected fraction was easily 
visible this time between other treatments. (figure 10D) 
Exposure of HCT 116 cells to NI3C or I3C alone didn‟t show any dose-
dependent effect (figure 10E and 10F) after 72 hr. Combining NI3C and I3C in the 
ratio of 1:1 did show a much more potent inhibition of cell number. As it shown in 
figure 10E, combinatory effect  of I3C and NI3C more effective than single NI3C 
treatment for 72 hour. 1:1 ratio combined effect, gives us the highest influence for 
72 hour, at the same time it is also need to be added values of effective fraction of 
NI3C treatment are below zero. It is just because results should be discussed. After 
other treatments and result the result for the combined effect of 72 hours is not 
surprising that ratio 1:1 has the highest influence again (figure 10F) 
The highest  affected fraction in this single experiment is obtained at 72h of 
exposure showing an effect on nearly 75%. 
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Figure 10 : Single and Combined Effect of NI3C and I3C  on proliferating HCT 116  cells for 24 h (A-B), 48 h(C-D) and 
72 h (E-F).  
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As is seen from the figure 10 A-B-C-D combined effect of I3C and NI3C 1:2 
ratio,respectively, result is not reliable. Since there are high number of cells in some 
wells some affected fractions were observed below zero after 800 µM concentration of 
I3C almost reached IC50 value and 24 hours followed same way with reaching 30% 
affected fraction but 48 hours‟ line still has negative values. 
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DISCUSSION 
In last few decades  experiments have shown that I3C and  NI3C which are 
found in cruciferous families, have  chemopreventive activities. These compounds are 
formed from glucosinolates like  by some specıfıc enzymes and they have inhibitory 
effect on cell proliferation in HCT 116 cell line likely by cell cycle arrest at G2/M phase 
(Neave et al 2004 ). 
This is the first experiment that  combinatory effect of I3C and NI3C has been 
tested on cell proliferation. For investigate these compounds‟ effects, colon cancer cell 
lines were used  . 
Dose and Time Dependent Effect of I3C on HCT 116 Cells  
 It is expected to  seen  from results that longer treatment period  with I3C will  be 
more effective on cell proliferation but In figure 8, figure lines were so close to each 
other that it was impossible to say any relevant comment with our expectations. IC50 
values for 24 hours was 500 µM and for 72 hours around 70 µM. Since IC50 values 
could not get for 48 hours I3C treatment  the reason have started to been  
investigated.It is thought that I3C was not  fresh so ıt mıght lost it‟s effect on the 
epithelial colon cancer cell cycle. Results can be related with this situation and it  was 
realised at the end of I3C treatment experiments because of this it can be shown  a 
revealing  relationship between I3C‟s date and activity (affect on cell cycle ) but on the 
reference experiment IC50 values for I3C was 250 µM(Naeve et al 2005) 
 When it is pointed  out in recent studies that  I3C is not effective enough when 
concentration is below 600 µM  which has been  seen percentage of cell viability around 
100% according  to this satisfying  results could not be get from this study because of  
highest concentration  was 500 µM . Also  discriminative result could be reached  ın 
relevant studies when concentration is higher than 600 µM  like 1200 µM and upper. 
(Nakamura et al., 2009 ) 500 µM was the highest concentration in our experiment 
because some of the previous studies were investigated and 500 µM were choosed but 
later with other experiments were came across and foud that I3C is more effective on 
higher concentrations.   
Dose and Time Dependent Effect of NI3C on HCT 116 Cells 
In our experiments IC50 value for NI3C after 48 h is close to prevous reported 
data 90µM in our experiments and 35 µM in previous report (Naeve et al 2005). On the 
other hand, the IC50 value for I3C from our experiment (500 µM) is mucher higher 
compared with previous reports (250 µM in referance ) 
Time dependent affect  for  NI3C‟s  exposure after 24, 48, 72  hours is 
determined . In figure 9 IC50 value for 48 hours is seen around 90 µM however in  
reference articles it is specified around 35 µM and also in reference articles  
concentration of NI3C and it is  highes affect observed  around 100 µM when cell 
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percentage is 20%  but In this experiment cell percentage is observed  40% that means  
two times more for same hour treatment  (Neave et al., 2005) It seem that  it can be still 
said that there is more affected cells by longer  treatment time with NI3C  
It is seen from graph at one point it peaked for IC50 value of NI3C than it started to go 
down again unexpectedly (figure 10A) . It is also expected that  affected fraction should 
go up by increasing concentration of NI3C as similar as the other  experiments 
Experiment repetition time was  only two  and number of cells which were taken from 
elisa plate reader results  were zero. This means there is no cell inside some wells .It 
influences directly the lines on the graph by taking them below . Probably there are 
some values for I3C single treatment go below zero originated from this reason. For 
combinatory affect experiments this situation is  considered  because of insufficent  
iteration of experiment . 
 Overall lesson from combinatory experiment 
Affected fraction values  determined  for the exposure to I3C or  NI3C‟s were lower than 
affected fraction values found with combinatory exposure to I3C and NI3C , at the ratio 
of 1:1 after 24 hours (figure 10 A-B) . It was not expected that  when  the ratio of I3C is 
double, it gives more effective result  as it is told above with referring other articles 
about concentration  of I3C  and it‟s affected results .As it is shown in reference article, 
NI3C is more potent than I3C, so it is expected that when ratio of NI3C is 2, higher 
affected fraction was expected to be seen as known from previous studies  but 
unexpectedliy it could not  be seen in the graph (Neave et al., 2004) 
For 48 hours exposure to NI3C  gives higher affected fraction than combinatory 
effect of I3C and NI3C so this can not  refer a  reliable result  (figure 10 C-D)  .At  the 
same time I3C‟s affected fraction is lower than  I3C and NI3C when they  used together  
in  ratio 1:1. At the end of 48 hours studies I3C become meaningful  in contrast to NI3C.  
The reason why values below zero is that wells  posessed more cells ,which 
were gained from treatment with  I3C:NI3C in ratio 2:1 for 48 hours , than control  one 
so when affected fraction is calculated ,it is shown below zero. (figure 10 C-D) on the 
basis of this figure it can be said combinatory treatment  does not seem effective on cell 
proliferation . 
For 72 hours combinatory affect is more effective than single treatment  of both  
I3C and NI3C. Ratio 1:1 was found on above than other  lines which are  NI3C I3C  in 
ratio  2:1 ,1:2. (figure 10 E-F) 
For combined affect when NI3C and I3C used  in ratio 1:1, highest affected 
fraction is observed   at  72 hours as it is expected before but any comparision could  be 
found between 24 and 48 hours . It is conjuncted with more cell presence in some wells 
than  control group for 48 hours‟  sample . This is why it goes through uneffective results 
like going below zero. (figure 10) 
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The situation that higher alive cells‟ percentage in the wells treated with double 
concentration of I3C or NI3C  than control group might have conjunction  with unequal 
cell distrubution on the wells during settlement of cells or uneffective compound  impact 
.   
In meanwhile  NI3C was treated double concentration , it is encountered  the 
same situation  as the previous one, and it has been linked to the cause which were 
discussed as above.   
 
About their mechanism:  
It is mentioned in introduction part that NI3C is more portent than I3C so tone will 
expect stronger influence from NI3C relative to I3C.And changing influences of these 
indoles on cell cycle make us think they have different effect on cell cycle or they  might 
have different targets for influencing cell proliferation.In introduction part,again ,it is 
mentioned about their mechanicms on cell cycle. Like influence on different cyclin 
proteins or different transcription factors. 
Experimental errors that may influence on data. 
Cells number on some wells are higher than control so this makes people think 
about its accuracy.By the way there is a possibility  that cells maybe be affected by 
treatment  in low concentrations.But still percentage of cells‟ numbers are high.like on  
first well of I3C figure 8 . 
Since  graphic  lines on some figures does not keep going down or up followingly 
it  started to investigate reasonably  like figure 10 And they  can be effected and loosed 
during  washing process wıth buffer solution while sucker away pipette was used  for 
sucking medium or PBS away  as suggested Remy Kronbak‟s thesis experiments 
(Kronbak R. et al 2010)Than this problem realised and autoclaved tissued started to be 
used and finally   number of the cells on the wells during other experiments could 
increased in contrast to this procedure number of the cells on some wells were stil not 
so meaningful so this reason made us to investigate further on the other procedures 
what is true or not .    
For chechking  observed  higher numbers  in the results ,amount of neutral red dye 
stared to be controlled  many times before using.   
Further more mistakes can be made by during setting cells up like if  they not be 
seperated  properly during cultivation  or can not be provided equaly  dıstribution  in the 
wells  on black dishes unless  tube can be shaked  during  cells „ settlement they have 
tendency to aggragate agaın rapıdly so every mınute that the cells were left on the tube 
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or contaıner  longer they  are more close to aggatate each other so thıs event  can be 
another reason the have more cells on some  wells and less on the others so ıt ıs an 
possibly  reason to  have strange figure and line going down and up like  zigzag on 72h 
NI3C graph. (figure 9)  
And also they can be effected because of the different concentrations from Neutral Red  
solution . When cells were used with high amount of neutral red dye. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION 
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N-Methoxy indole 3 carbinol in  higher concentrations tshows inhibition on cell 
proliferation  in HCT 116 human colon ephitelial  colon cancer  cell line in a dose-
dependent effect in vitro. i 
It is shown by  previously studies that I3C‟s potential inhibition impact on  cell 
proliferation by describing  mechanisms on cell cycle affect (Aggarwal et al 1993 ,Weng 
et al 2008 ) .However this experiment could not be ended up at the same point  like 
other studies which had done before .  
For  I3C & NI3C‟s co-treatment  in  ratio 1:1 was observed meaninful impact 
when it is  compared with single treatments nevertheles same affect could not be 
gained from ratio 1:2 result 
When the affected fractions are viewed,these result shows these two compounds has 
got influence on cell proliferation when they treated together.Affected fractions are 
increasing by cotreatment.  In conclusion these findings show that these compounds‟  
single treatment and  co-treatment have potential affect on decreasing alive cells‟ 
number  so when a general result is wanted to be concluded , they can be used in 
cancer  prevention if  these studies will be caried one step further in vitro and in vivo in 
the future and their results from animal and human studies wil be evaluated. 
Perspective   
In the future  to seek  these compound‟ s effects in Animal studies or effect on 
human bodies can give more meaningful ideas.But stil invivo experiment needs for 
guiding. Results which were taken  from these trials may be give  a new view point to us 
but stil it can not be responded revealing effect  . It needs to be combined with other in 
vivo studies  It gives some information about inhibition on cell proliferation in colon 
cancer cell line  but It is needed to extend this study perspective It should be  supported 
with animal and cohort studies or Firstly it can be tried in colon envoriment like treating 
with acide. Nearly reality.   
 
 
 
 
Abbreviations: 
I3C:  Indole-3 carbinol  
NI3C:  N-methoxyindole 3 carbinol 
ATCC: American Type Culture Collection 
VEGF: Vascular Endothelial Growth Factor 
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EGF :  Epidermal Growth Factor   
IARC:  The International Agency for Research on Cancer 
DIM :  3-3‟-diindolymethane  
ICZ :  Andolo[3,2b]carbozole 
Ltr₁:  Alineartrimer 
Ctr :  Acyclic tetramer 
CDK:  Cycline dependent kinase 
PKB:  Protein Kinase B 
PI3K :  Phosphatidylinositol 3-kinases 
ER:  Estrogen receptor 
IC50:  Half Maximal Inhibitory Concentration 
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